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In a preceding paper (1) experiments demonstrating the transmission of swine influenza virus by way of the swine lungworm were described. I t was found that the virus was present in a masked non-infective form in the lungworm and that, in order for the virus to be rendered infective, a provocative stress had to be applied to the swine harboring it.
In the present paper details of the work hitherto outlined only in a preliminary way are extended, initial concepts now shown to be not entirely correct are modified, and new experimental data bearing on the r61e played by the lungworm in transmitting swine influenza virus are presented. The results of only 7 experiments, all conducted with earthworms from a single experimental barrel, were given in detail earlier (1) . The present paper involves 98 separate experiments in which 216 swine were included in the course of 3 years.
EXPERIMENTAL
During the first year's work the experimental earthworms were kept in earth-filled wooden barrels sunk in the ground, while during the last 2 years all have been housed in sunken, dirt-filled, 50 gallon, aluminum-painted, steel alcohol drums. The steel drums have advantages over the wooden barrels in that they are more permanent, there is less chance for the escape of the earthworms, and from 1300 to 1600 earthworms can get along satisfactorily in the steel drums, in contrast to a maximum of 700 in the wooden barrels. All containers, whether of wood or steel, had a number of ~ inch holes bored in the bottoms to facilitate drainage, and these were covered with copper window screen to prevent the escape of the earthworms. The containers were placed in the ground at such a depth that the top 2 or 3 inches remained above the surrounding ground level, in order to prevent flooding by surface water during heavy rains. Also all were covered by fairly snugly fitting wooden lids.
Unless otherwise stated the following procedure was used in the preparation of a container of infected earthworms. The buried container was filled from a third to a half with earth. Then lungworm ova in feces and bronchial exudate, and minced adult lungworms, from a pig with swine influenza, were placed on top of the earth and covered with 2 or 3 inches of soil. Immediately thereafter freshly dug earthworms were added and allowed to burrow in. The surface was usually sprinkled with water 111
to facilitate penetration of the earthworms. The number of earthworms added was determined by the extent of the lungworm infestation shown by the pig furnishing the ova; if the infestation was heavy about 400 earthworms were introduced while in the cases of light infestations as few as 200 were added. In almost all instances lungworm ova from several swine sacrificed at intervals varying between 3 and 6 days post infection were included in each container. After the first batch of ova-containing feces and minced lungworms had been buried and the added earthworms had penetrated below the surface, feces and minced lungworms from the next swine were superimposed, covered with 2 or 3 inches of soil, and another 200 to 400 earthworms added. This layering process was continued until the container had the population of earthworms it was thought its capacity would accommodate. Not infrequently several days or even weeks elapsed between the time the first lungworm ova and earthworms were placed in a container and the time the final addition of ova and worms was made. Staggering the additions of lungworm ova and earthworms as just outlined ensures their more even distribution throughout the container, increases the likelihood of prompt ingestion of ova by the earthworms, keeps the concentration of swine feces at any one place in the container below a level that might be injurious to the earthworms, and ensures the presence of lungworm ova at almost any level in the container that the earthworms might seek for localization. The progress of infestation of earthworms by lungworm larvae could be followed by periodic microscopic examinations of the calciferous glands of individual earthworms. As a rule in 4 to 6 weeks after an experimental barrel had been established, third-stage lungworm larvae were demonstrable in the earthworms. Then or at any time during the next 2 years or more such earthworms proved capable of infesting swine with lungworms and were satisfactory for use in swine influenza virus transmission experiments.
The means of infesting swine with lungworms in preparation for virus transmission experiments were similar to those already described (1). Usually 2 or more swine were used for each experiment. The animals were placed in isolation and during a period of several days' observation were bled in order to make certain that their "normal" sera were free of antibodies neutralizing swine influenza virus. Earthworms, containing third-stage hngworm larvae, were then fed to the animals, either mixed intact with dry mash or minced coarsely with scissors and mixed with a slightly moistened mash. Either method was satisfactory, though the latter assured a little more even distribution of the material between 2 or more pigs eating together in a pen. Where intact worms were fed it sometimes happened that the more aggressive eater in the pen got more than its share by selectively choosing earthworms, instead of the mash with which they were mixed. In some of the experiments the total number of worms to be fed to the swine were administered at one feeding, but the more common procedure was to feed one-third of the total number that were eventually to be administered on each of 3 consecutive days. This plan had the virtue of assuring a more even distribution of the material between the 2 or more pigs in the experiment by compensating for daily variations in appetite among the animals. From 10 to as many as 50 or more lungworm-infested earthworms were fed to the swine in these experiments and no effort was made to determine accurately the actual numbers of lungworm larvae such dosages represented.
During the first year's work swine reared on outdoor pasture were used and all of these were known carriers of lungworms. Because of the possibility that the presence of an established lungworm infestation might confuse the results obtained in transmission experiments, during the next 2 years' work swine have been reared on earthwormtight concrete platforms and have been demonstrably free of lungworms at the time they were used. In such animals adult lungworms, the females of which contain embryonated ova, are demonstrable in the terminal bronchi at the bases of the diaphragmatic lobes of the lungs approximately 1 month after the initial earthworm feeding.
Ordinarily attempts to provoke influenza infections in swine prepared in the above manner were not begun until sufficient time had elapsed for the lungworms to become adults in the respiratory tracts of the prepared swine, but so long a delay was not necessary. In some experiments influenza infections were provoked in swine as early as 2 weeks after their earthworm feeding and at a time when the lungworms in their respiratory tracts were still immature.
The means of choice in provoking swine influenza virus infections in swine to which infected lungworm larvae had been fed, as pointed out in an earlier paper (1), consisted in multiple intramuscular injections of the bacterium, H. influenzae suis.
Other provocative stresses, which also proved effective, will be indicated later.
The Irregularity of Transmission of Swine Influenza Virus by the Lungworm
In a preceding paper (1) it was pointed out that in not all experiments conducted as described could transmission of swine influenza virus by way of the lungworm be demonstrated. During the 3 years' work comprising the subject matter of the present paper a total of 98 experiments have been carried out. 50 were completely negative, and in these none of the one or more swine in each of the experiments developed clinical influenza and none became immune after numerous attempts to provoke to infectivity the masked virus supposedly transmitted to them by the lungworms. 35 of the 98 experiments were wholly positive: in these all of the one or more swine in each experiment developed clinical influenza or became immune after infestation with lungworms and provocation of the masked virus the lungworms transmitted. The remaining 13 experiments contained both positive and negative animals: in these one or more swine in each experiment developed influenza on provocation after infestation with lungworms, while at least one animal in each experiment either proved refractory or was killed prior to successful provocation of other animals in the experiment.
The 98 transmission experiments contained a total of 216,swine of which 130 gave negative and 86 positive results. I t is evident from this that the demonstrable transmission of swine influenza virus by way of the lungworm was not a regularly or easily reproducible phenomenon, succeeding in only 40 per cent of the swine in which it was attempted. In these experiments most of the positive animals developed a clinically characteristic influenza. In a few instances, however, the infections were subclinical, and evidence that swine influenza virus infections had been induced was furnished by subsequent tests for immunity. The sera of animals undergoing subclinical infections acquired the capacity to neutralize swine influenza virus and the swine themselves became immune. Results falling in this category have been previously discussed (1).
It seems likely that at least a part of the failures of transmission resulted from the use of lungworms that were not carriers of masked swine influenza virus. For instance, in the group of negative experiments there were 13, with a total of 25 swine, in which the lungworms employed had been obtained from earthworms dug in hog lots on Midwestern farms. While, as will be pointed out in a later paper, lungworm carriers of masked swine influenza virus have been demonstrated under natural conditions in earthworms from Midwestern farms it seems quite likely that some of the 13 negative experiments with field worms failed because of the actual absence of virus. Furthermore, the frequency with which both positive and negative results were obtained in different experiments using worms from a single barrel supported the view that not all the lungworms, even in a barrel known to contain infected specimens, were carriers of virus. It seems likely, therefore, that in at least some of the 50 negative experiments failure resulted from the actual absence of virus from the intermediate host. In most of the negative experiments, however, the failures are believed to have been due to the inability to establish, in the experimental swine, appropriate conditions /or the masked virus to become activated. While the actual factors responsible for activation of masked virus are still not understood, evidence obtained during the past 3 years indicates that much depends on season. This evidence is presented in a later section.
Factors Involved in the Activation of Masked Swine Influenza Virus
A statement was made in an earlier publication (1) that swine influenza virus was not detectible by infectivity tests in either third-stage lungworm larvae in their earthworm intermediate hosts or in adult lungworms in their swine host prior to provocation. It was concluded that the virus was transmitted in a masked, non-infective form to swine and had to be activated after it had been transported by the lungworm to the swine respiratory tract. Further attempts to demonstrate swine influenza virus by direct means, made since the preceding publication, have also resulted negatively.
In the earlier experiments (1) none of the swine infested by lungworms carrying masked swine influenza virus developed infections without being submitted to some known provocative stress. During the past 2 years' work, however, in 7 experiments swine have developed swine influenza virus infections after infestation with lungworms carrying masked virus without the known application of a provocative stimulus. The shortest period of time elapsing between the feeding of infected lungworm larvae to the swine and the onset of influenza in these animals, without known provocation, was 9 days and the longest, 17 days. The average period for the 15 animals included in the 7 experiments was 13 days and in 10 instances the period was within 2 days of this average value. These experiments are open to at least two possible explanations: either the virus was transmitted to the swine in an infective form by the lungworms, or it was provoked to infectivity, after transmission in a masked form, by a stimulus whose identity was not recognized. The first explanation seems unlikely because, had the virus been in an infective form in the lungworms, infection of the infested swine should have occurred at about the time the wandering larvae first reached the respiratory tract. Schwartz and Alicata (2) state that larvae are demonstrable in the respiratory tract as early as 3 days after infestation so that, allowing for a 24 to 48 hour incubation period, infections would have been expected on the 4th or 5th day. Since periods of 9 to 17 days elapsed between the infestation of swine by lungworms and their eventual infection with swine influenza virus, it seems quite apparent the larvae were not carrying infective virus at the time they first reached the respiratory tract. The second explanation seems the more likely, that the lungworm larvae transmitted the virus in its masked form to the swine respiratory tract with subsequent activation by a stimulus whose identity has not yet been recognized. Consideration of the period or phase in the lungworm cycle during which all cases of recognized "spontaneous" provocation occurred suggests that the responsible stimulus was in some way connected with the adaptation process by which the lungworm becomes established in the swine respiratory tract. Schwartz and Alicata (2) state that lungworms reach egg-laying maturity about 24 days after the infestation of swine. Thus from the 3rd day when they first reach the swine lung to the 24th day when the most precocious of them become sexually mature they undergo their two final molts and grow and differentiate from larvae to adults. It seems rather unlikely that the lungworm becomes established during this period without eliciting some response on the part of the host. It is suspected, on the basis of indirect evidence to be presented later, that the time of apparently "spontaneous" provocation may correspond to that at which the initial immune response of the swine to the lungworms is elicited.
The question of acquired resistance or immunity of swine to lungworms has not been studied. However, since StoU (3) first demonstrated that sheep develop an acquired resistance to Haem~chus contortus, the common sheep stomach worm, evidence has been accumulating to indicate that the acquisition of specific immunity may be a common phenomenon in nematode infestations. The actual time required for the acquisition of immunity appears to vary with individual species of nematodes and may be dependent somewhat upon the course by which the worm becomes established in its definitive host. Thus in the case of H. contortus, a form which is acquired by ingestion and whose larvae do not migrate outside the gastrointestinal tract, 6 weeks (4) appears to be the time required for the immunity to reach a level sufficient to result in "self cure." In the cases of certain other nematode infestations in which the larvae wander extensively during the process of becoming established, immunity develops earlier. Thus, McCoy (5) has presented evidence which indicates that rats show a beginning immunity to Trichinella spiralis sometime during the 3rd week of infestation. In like manner, Graham (6) , working with Nippostrongylus muris in rats, demonstrated that immunity to further infestation developed sometime between the 2nd and 3rd weeks after primary infestation. It would be anticipated that any immune response to the swine lungworm, which also wanders extensively before establishing in the lung, would occur relatively early in the period of infestation.
There is indirect evidence that an immune response to the lungworm may have been accountable in some way for the "spontaneous" activation of influenzal infections in the 7 experiments in which no known provocative stimulus had been applied. Ordinarily when swine influenza infections are provoked in prepared swine, there is no evidence to indicate either that lungworms in the swine respiratory tract are injured by the provocative stimuli applied or that the virus is injurious to its lungworm host. Autopsy of swine in which infections have been provoked ordinarily reveals the presence of active and living lungworms. Furthermore, when large numbers of lungworm larvae are used as in the present experiments, only rarely have lungworm infestations failed to establish in experimental swine. However, among the 15 swine in which influenza virus infections apparently were spontaneously provoked, no lungworms were present at autopsy in the respiratory tracts of 4, in another 3 the infestations were extremely light, while in the remainder approximately the expected number of worms had become established. In this last group of 8 animals, however, were 2 in which many dead immature lungworms were found in the respiratory tracts at the time the virus infections were apparently spontaneously elicited. These dead worms were embedded in yellowish-white bronchial casts made up largely of fibrin and eosinophfles. Worms that were living and, so far as could be told, uninjured were also present in the bronchi. The significance of these dead worms to the experiments under discussion can of course not be definitely established but they furnish the suggestion that whatever mechanism accounted for their deaths may have also been accountable for the low infestations or complete absence of worms in the 7 other animals. Furthermore, it seems possible that this mechanism, whether it represented an immune response or some other type of reaction by the host to the worms, may have furnished the stimulus activating the virus to infectivity. The question is being studied further.
The 7 experiments just discussed represent the exception rather than the rule among those conducted during the past 3 years. In the remaining 28 of the 35 positive experiments, with 3 possible exceptions that will be considered later, and in all 13 of those that were partially positive, influenza infections failed to occur until the lungworm-infested swine had been submitted to a provocative stress of one type or another.
By far the most effective provocative stimulus consisted in multiple intramuscular injections of H. influenzae suis (1) . Suspensions of 48 hour chocolate agar cultures of this bacterium were prepared 1 per cent by volume in physiologic saline and swine were injected intramuscularly with these repeatedly at 8 day intervals. The amount of the first injection was 1 cc. while subsequent injections were of 2 cc. Usually viral infection followed upon the second or third injection, but occasionally more were required. A sharp rise in temperature was almost always the first clinical sign of illness shown by the experimental swine and this usually occurred on the morning of the 3rd day after the provocative injection. Rarely the temperature rose as early as the afternoon of the 2nd day and occasionally it was delayed until the 4th day. The fact that more than one injection of H. influenzae suis was required probably indicates that the actual provocative stimulus is not the bacterium itself but rather some condition or chain of conditions established by its repeated administration and perhaps partaking of the character of sensitization. Whatever its nature, the stimulus did not manifestly injure the lungworms in the respiratory tracts of swine provoked in this way. In no instance did infection directly follow the first intramuscular injection of H. influenzae suis. In 3 experiments, however, alluded to in the preceding paragraph as possible exceptions, intramuscular injections of H. influenzae suis had been given the swine either at the time they were fed earthworms containing infected lungworm larvae or shortly thereafter. In these 3 experiments, on the 9th, 12th, and 17th days respectively after the single injection of the bacterium, swine influenza developed. It seems impossible that H. influenzae suis could exert such a remote effect and much more likely that these particular swine would have developed influenzal infections on the days they did even though they had had no earlier injections of the bacterium. Probably these 3 experiments should be classed with the 7 discussed earlier in which provocation was apparently "spontaneous."
In addition to multiple intramuscular injections of H. influenzae suis certain other stimuli have occasionally proved effective in provoking influenza virus infections in prepared swine. Thus the administration of embryonated ascaris ova sometimes elicits infections. Normal swine show clinical signs of ascariasis beginning in 6 to 8 days after they have ingested the ova in numbers ranging from 30,000 to 50,000. This corresponds to the period of active migration during which ascaris larvae are present in large numbers both in the liver and the lung. Affected animals lie listlessly in their pens, they show little interest in food, their temperatures are elevated, and their respirations are rapid and jerky. As a rule they remain ill for 2 to 4 days and then make prompt and uneventful recoveries. However if instead of using normal animals, swine which are carriers of influenza virus-infected lungworms are fed ascaris ova, some of these will develop influenza infections during the course of their reaction to the migrating ascaris. Such influenza infections usually develop on the 2nd or 3rd day of clinical ascariasis, as a rule on the 8th or 9th day after the administration of the embryonated ascaris ova. The onset of influenza is manifested by an enhancement of the illness already present: the fever becomes higher, the prostration more extreme, and the respirations more labored. Furthermore, instead of recovering after 2 to 4 days of illness, the animals usually remain ill for a week or longer. If they are sacrificed while still ill, the presence of swine influenza virus throughout their respiratory tracts and in the infesting lungworms is demonstrable by mouse inoculation tests. If on the other hand such animals are permitted to recover, antibodies neutralizing swine influenza virus appear in their blood sera. Of 53 attempts to provoke influenza infections in supposedly prepared swine by feeding embryonated ascaris ova, 8 resulted positively. This method of provoking is not the one of choice because of the difficulty of differentiating clinically between the signs of an uncomplicated ascariasis and an ascariasis which eventually elicits an influenzal infection. The issue is never clear until tests for the presence of specific neutralizing antibodies or of virus have been completed.
In a preliminary paper (7), published during the first year's work, it was stated that a single intrapleural injection of calcium chloride had served to provoke an influenzal infection in a prepared pig. Since then 45 additional attempts to provoke infections by the intrapleural administration of 10 cc. of 5 per cent calcium chloride solution, the amount used in the initial experiment, have failed to elicit infections in prepared swine. It seems rather likely in view of this poor showing, that infection in the first positive experiment resulted not from the calcium chloride injection but from some unrecognized stimulus at about the same time.
In another experiment already published (1) the suggestion was made that an intratracheal injection of broth may have influenced the outcome. Subsequent work has failed to indicate that this was the case.
Another procedure which gave initial promise of being an effective provocative stimulus was anti-lungworm rabbit serum. In the first experiment in which such a serum was administered intraperitoneally to a prepared swine the animal developed a swine influenza virus infection 2 days later. Eight further attempts to provoke infections by this procedure have failed, so that the explanation of the positive outcome of the first experiment is not clear.
A great many other procedures, tried out repeatedly, have failed ever to elicit infections in prepared swine. Among these may be mentioned prolonged spraying with cold water in an attempt to imitate the so called "hog flu weather" of the Middle West; prolonged administration of alcohol in intoxicating doses; infection with bovine tubercle bacilli; multiple injections of nor-mal mouse lung, chick embryo tissues, normal horse serum, orSatmondla suipestiler; prolonged administration of ammonium chloride by mouth; injections of histamine, pituitary extract, or adrenalin; administration of the pyretic fltetrahydronaphthylamine; repeated administrations of benzol in olive oil; injections of carcinogenic tar; injections of quinine hydrochloride; administration of testicular extract; and repeated injections of heat-killed swine influenza virus.
The Effect of Season on the Provocation of Masked Swine Influenza Virus
It was reported earlier (1) that influenza infections could be provoked in prepared swine only during the autumn, winter, and spring months. This is strictly true but differing degrees of provocability exist during the non-refrac" tory period, as tabulation shows (Table I) . Included in the table as provocative stimuli are all procedures which have ever given positive results. Because infections have never followed closely upon the first intramuscular injection of H. influenzae suis, only the second and subsequent injections of this organism are considered as appropriate provocative stimuli. Of a total of 886 attempts to provoke infections in 216 swine, 86 were positive, 800 negative. It will be seen that January, February, and April are the months in which swine influenza virus infections can be most readily provoked. In March, September, October, November, and December infections are less regularly elicited; while in May, June, July, and August swine,--even though infested with lungworms known, from tests at other times of the year, to be carriers of masked influenza virus,--are completely refractory.
LUNGWORM AS HOST ]~OR SWINE IN]~LUENZA VIRUS. III

Demonstration of Swine Influenza Virus in Association w#h Lungworms at the Time of Provocation
Although swine influenza virus cannot be demonstrated directly by mouse inoculation either in known, infective, third-stage lungworm larvae in their earthworm intermediate hosts or in adult lungworms obtained from the respiratory tracts of swine thought to be ripe for provocation, it is obvious that there must be a period, sometime shortly after masked virus has been provoked to infectivity, during which it should be demonstrable at or near the site of its activation and there only. Because such a demonstration would go a considerable way toward proving a direct relationship between the virus and its intermediate host, numerous attempts have been made to sacrifice swine for test at the time when masked virus is first rendered infective. Choice of the correct time has proved very difficult. If, after administering the provocative stimulus, one waits until the first sign of infection (temperature elevation) is evident, virus will be found to have already spread widely throughout the respiratory tract. Though autopsy at such time will reveal a pneumonia which is largely basal and in relationship to bronchi of the lower lobes which contain lungworms, virus will nevertheless be demonstrable by mouse inoculation not only in a suspension of the lungworms from the base of the lung but also in a suspension prepared from the anterior lobes in which lesions are not yet apparent in the gross. If, on the other hand, the swine are killed after administration of a provocative stimulus but prior to any sign of infection, the chances are excellent that the outcome will be completely negative. In such an event the respiratory tract, apart from the presence of lungworms in the basal bronchi, appears normal and virus is not demonstrable either in the lungworms or in any portion of the respiratory tract.
In only a single attempt, out of several, have we succeeded in sacrificing a pig at the proper moment to demonstrate the presence of swine influenza virus at the base of the lung only and in relationship to lungworms contained in the basal bronchi.
In this particular experiment, which comprised 4 swine, each animal was given a preliminary "sensitizing" series of intramuscular injections of H. influenzae suis prior to being fed 7 earthworms heavily infested with third-stage lungworm larvae known from previous experiments to be carriers of masked swine influenza virus. Because these swine had received a preliminary "sensitizing" series of injections of H. influen~.ae suis, the chances seemed at least fair that the first injection of H. influenzae suis made after the lungworm infestation had become established might serve as the provocative stimulus. On the morning of the 3rd day after this injection, 2 of the 4 animals appeared mildly ill and the temperature of one of these was elevated to fever level. The remaining 2 animals on the morning of this 3rd day exhibited no clinical evidence of influenza. One of these apparently normal swine was killed immediately and autopsied in the hope that its masked virus might have already been pro-voked to infectivity but that such a provocation might have occurred slightly later than that of the 2 swine that were already dinically ill. Autopsy revealed a scant beginning pneumonia involving wedge-shaped areas at the bases of both diaphragmatic lobes. In the bronchi extending into these pneumonic areas were many lungworms. Portions of the anterior lobes ordinarily involved in swine influenza but still, in this particular animal, normal in the gross were ground and suspended in saline and tested for the presence of swine influenza virus by mouse inoculation. Lungworms from the basal bronchi were likewise suspended in saline and similarly tested for virus. Swine influenza virus of average mouse pathogenicity was demonstrable in the lungworm suspension, but even serial mouse passage failed to reveal the presence of virus in the anterior lobe suspension. It was plain that in this swine, the influenza virus was present in association with lungworms from the base of the lung but was not present in the anterior lobes of the lung which eventually always become involved in swine influenza infections. These findings are interpreted as indicating that, in this animal, killed before it was clinically ill, masked virus in the lungworms had already been provoked to infectivity but had not yet been disseminated from the site of provocation throughout the remainder of the respiratory tract.
Of the 2 animals that had been ill on the morning of the 3rd day after provocation both were febrile by afternoon. One of these was killed and autopsied on the morning of its 2nd day of illness and pneumonic lesions were present in the anterior lobes of its lung as well as at the bases. Swine influenza virus was demonstrated by mouse inoculation both in the anterior lobes of the lung and in lungworms from this animal. The other pig was febrile and ill for 5 days and then made an uneventful recovery. Blood serum obtained after recovery neutralized swine influenza virus.
The 4th animal in the experiment did not become ill until the 6th day after the provocative injection. It seems likely that its infection was not a provoked one but rather had been acquired by exposure to the infection of the other pig of the experiment, with which it was quartered. Swine influenza virus was present in the anterior lobes of the lung of this animal as well as in association with its lungworms.
The experiment just outlined furnishes the most immediate evidence yet presented that the lungworm is the actual carrier of swine influenza virus, but unfortunately, for reasons already indicated, it has not been duplicated. In the absence of a direct test for the presence of virus in the lungworm, proof of the r61e it plays as intermediate host for the virus must still depend largely upon indirect experiments.
The Presence of Masked Swine Influenza Virus in Lungworm Ova Obtained from the Feces and from the Respiratory Tracts of Influenza-Sick Swine
In most of the experiments here reported, the lungworms employed had developed from ova derived from three sources: (1) feces of swine, (2) respiratory tracts of swine, and (3) uteri of lungworms in the swine respiratory tracts. There was no way of knowing whether the eggs from all sources gave rise to infected lungworms. In order to settle this question two barrels of earthworms were set up in the usual fashion except that to one barrel were added only lung-worm ova obtained from the feces of influenza-sick swine while to the other barrel were added only ova obtained at autopsy from the respiratory tracts of the same swine and from the uteri of lungworms infesting these swine. Collection of the fecal ova was begun on the 2nd day of illness and continued until the swine were sacrificed on the 3rd or 4th day. The respiratory tract and lungworm uterine ova were obtained at autopsy on either the 3rd or 4th day of illness.
Several months after the establishment of these two barrels, individual earthworms from each were examined and found to have become infested with lungworm larvae. Earthworms from each barrel were then fed to swine in separate isolation units and, after the lungworms had become established in their respiratory tracts, attempts to provoke influenzal infections were begun. In both groups of animals characteristic swine influenza virus infections were incited. So far as could be told, the end result was the same whether the viruscarrying lungworms had been originally derived from fecal ova or from respiratory tract and lungworm uterine ova.
Persistence of Masked Swine Influenza Virus in Lungworm Larvae
Most of the experiments reported in the present paper have been done with earthworms that had been carrying infected third-stage lungworm larvae for less than a year. However, on occasion, larvae that had been in their earthworm intermediate hosts for longer periods of time have been utilized and found still capable of transmitting masked swine influenza virus to experimental swine. Of the successful transmission experiments carried out so far, two were started with lungworm larvae that had been in earthworms for 1 year, two with 15 months old larvae, one with 18 months old larvae, two with 2 year old larvae, and one with larvae that had been in earthworms for 32 months. So far as could be determined, the character or severity of the disease resulting from the use of larvae that had been carrying virus for long periods of time differed in no way from that caused by virus that had been in lungworms for shorter periods of time. Furthermore there seemed to be no greater variation, so far as initial pathogenicity for white mice was concerned, among the viruses isolated from the respiratory tracts of swine infected with the older viruses than there was among those got from swine infected with viruses that had been in their intermediate hosts for shorter periods of time.
Transmission of Virus-Infected Lungworm Larvae by Single Species of Earthworms
In obtaining earthworms to serve as experimental intermediate hosts for lungworm larvae the species that occur naturally in this region have been employed and usually no effort has been made to feed a single species only. As mentioned in an earlier publication (1), the 4 common species usually fed in mixture to prepare swine were Eisenia foetida (Savigny), Allolobophora caliginosa forma typica (Savigny), Allolobophora longa Ude, and Lumbricus terrestris Linnaeus. All 4 of these serve well as intermediate hosts for the lungworm. However, since it is conceivable that something in the earthworm might be inimical to the virus in the lungworm, scattered attempts have from time to time been made to transmit virus, using single species of earthworms. To date transmission experiments have proved successful with two separate varieties of one species: Allolobophora caliginosa f. typlca (Savigny) and Allolobophora caliginosa f. trapezoides (Dug~s) . The former variety was experimentally infested with virus-infected lungworm larvae, while the latter was naturally infested, having been obtained from the hog pasture of an Iowa farm. It will be discussed more fully in a subsequent paper. Insufficient work has been done with the other earthworm species in pure form to know whether or not they too will singly serve to transmit influenza virus by way of the lungworm larvae they harbor.
Presence of Masked Swine Influenza Virus in Lungworm Ova of Pigs Recovered from Swine Influenza
Infective swine influenza virus disappears from the respiratory tracts of swine ill of influenza by the 6th or 7th day after initial infection, and the time of its disappearance usually coincides with clinical recovery of the infected animals and the appearance of virus-neutralizing antibodies in their serum (8) . In most of the experiments reported in this paper, lungworm ova were obtained from swine on the 3rd to the 6th days of their influenzal infections, that is to say at a time when influenza virus was demonstrably present in their respiratory tracts.
In order to learn whether or not masked swine influenza virus might persist in lungworm ova after active virus has disappeared from the respiratory tract of the host swine, four barrels of earthworms were established with lungworm ova obtained from convalescent swine. The lungworm ova used in infesting the earthworms in two of these barrels were obtained from swine 8 days after their initial infection with influenza. Lungworm larvae from one of these two barrels successfully transmitted masked swine influenza virus, which was provoked to infectivity in swine by appropriate procedures, in all of three experiments. Of two experiments conducted with lungworm larvae from the other 8 day barrel, one resulted negatively while transmission of virus was demonstrated in the other. To judge from this small number of experiments, lungworm larvae developing from ova obtained from swine 8 days after an influenzal infection transmitted masked influenza virus just as well if not better than did larvae deriving from ova got during the acute stage of an influenzal infection.
The lungworm ova used in infesting the earthworms of the third barrel were obtained from 3 swine 19, 23, and 46 days after their influenza infections.
Lungworm larvae from this barrel transmitted masked swine influenza virus to swine in two experiments but failed to do so in five other experiments. Obviously these experiments demonstrate the persistence of masked swine influenza virus in lungworm ova for only the period represented by the most recently recovered swine from which they were obtained, namely 19 days.
The earthworms in the fourth barrel were fed ova obtained from 4 swine 56, 64, 70, and 77 days after infection with swine influenza. Only one attempt to transmit masked swine influenza virus to swine by means of the larvae developing in the earthworms of this barrel has been made and this resulted negatively. While further work will be required to learn whether or not lungworms, after infection with influenza virus, continue indefinitely to shed ova that are carriers of masked virus, the experiments thus far completed indicate that masked virus persists in the lungworms for at least several times as long as infective virus continues demonstrable in the respiratory tracts of the host swine.
DISCUSSION
Further study of the swine lungworm as intermediate host for swine influenza virus has served to emphasize the experimental difficulties and obscurities that had become apparent early in the course of the work. Unfortunately an extension of the work has not clarified the difficulties or explained the obscurities, and the results of transmission tests conducted even now, after some 3 years of experience, are still irregular and not entirely predictable. The evidence at hand suggests that these irregularities are not due in most instances to failure of the lungworm to transmit masked swine influenza virus but rather to inability of the provocative stresses applied to activate the masked virus to infectivity.
Thus far little has been learned concerning the actual mechanism by which masked virus is activated. Consideration of the known effective stimuli yields few clues to explain their effectiveness. In those experiments in which no provocative stress was applied and in which infections appeared "spontaneously," from 9 to 17 days after the swine had received lungworm larvae, the initial immune response to the lungworms themselves may have furnished the stimulus which activated masked virus. And in the case of repeated injections of H. influenzae suis, it seems probable that the actual provocative stimulus was not this bacterium itself but had the character of an allergic or sensitization phenomenon.
Only one/actor that certainly influences the provocability of masked swine influenza virus is now known, and this is season. Throughout the work not a single infection has been provoked in May, June, July, or August, and only 3 in September and October despite over 300 attempts. During the other 6 months of the year infections can be provoked in prepared swine with vary-ing degrees of success. A striking fact was that 27, or practically one-third of the provoked infections, fell in April, the last month of the non-refractory period. Between the positive results in April and the uniformly negative experiments of May, that feature of season--whatever its nature--which influences the provocability of masked swine influenza virus, appears to have undergone a profound change. While April and May here in New Jersey are probably more unlike meteorologically than are any other 2 consecutive months of the year, consideration of the experiments themselves furnishes no clue as to which of the particular features in which the months differ is responsible in determining the onset of the refractory period.
From the standpoint of the field epidemiology of swine influenza, the experimental findings on seasonal provocation seem at first sight discordant. The natural disease is limited almost exclusively to the last 2 months of the year, after which it largely disappears as a farm infection until late in October or early in November of the following year. During the early months of the year, when our experimental data would suggest that masked infections are most readily provoked, the disease is either absent in the field or of low prevalence. It seems likely, however, that swine under field conditions are in quite another category than are our experimental animals. This matter will be dealt with in the accdmpanying paper.
Although the findings outlined in this paper fail to elucidate the mechanism whereby masked virus is rendered infective, certain of them support the view that this mechanism favors perpetuation of the virus under field conditions. The presence of masked virus not only in lungworm ova from acutely ill swine, but also in ova from swine that are convalescent, lengthens the possible period of time during which it can be seeded during an outbreak and facilitates its wider dissemination. Also the persistence of masked virus in lungworm larvae for at least as long as 32 months ensures its perpetuation as an infectious agent through years when the conditions are not favorable to the provocation of outbreaks of influenza, or when the reseeding of earthworms with freshly infected lungworm larvae is interfered with in some way. SUMMARY 1. During a 3 year study of the lungworm as intermediate host for the swine influenza virus 98 transmission experiments, using 216 swine, have been conducted. Of these, 50 gave negative results. In the remaining 48, transmission of swine influenza virus by way of the lungworm was demonstrated in one or more animals of each experiment. Irregularities in the results would appear to be due not so much to lack of transmission of masked virus by the lungworms as to failure to evoke its pathogenic capabilities.
2. The stimulus of choice that was most successful in the provocation of swine influenza consisted of multiple intramuscular injections of H. influenzae
